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Abstract. Wibowo AA, Basukriadi A, Nurdin E, Nasution NS. 2022. Benthic infaunal spatial biodiversity, coexistence, and availability 
for shorebird communities in the Jakarta Coastal Wetlands, Indonesia. Intl J Bonorowo Wetlands 12: 23-32. Wetlands on the Jakarta 
Coast, Indonesia, is one of the important habitats for shorebirds. In the wetland ecosystem, benthic infauna is an important food source 
for the shorebird community. This study aims to assess the benthic infaunal spatial biodiversity and its availability for the shorebird 

community in the wetlands covering an ecotourism area and the west and east parts of a protected mangrove forest. The bird diversity 
was assessed using visual encounter surveys and 10 x 10 m plots for mangroves. The K-means clustering method measured the benthic 
infaunal coexistence and availability for shorebirds. Based on the result, benthic infauna was available as a food resource for shorebirds 
in the following order: Oligochaeta > Polychaeta > Gastropod > Crustacea, with the density of oligochaetes reaching 376.66 inds/100 
m2. The Shannon-Wiener biodiversity index (H’) ranges for benthic infauna were 1.306-1.573. Gastropods were available to Ciconiidae 
and Anhingidae; oligochaetes and polychaetes were available to Anatidae, Scolopacidae, and Phalacrocoracidae. In contrast, crustaceans 
were not available to any shorebird species. As confirmed in this study, shorebird species were associated with the presence of benthic 
infaunal communities and it recommends conserving the wetlands to ensure the availability of benthic infauna. 

Keywords: Biodiversity, K-means, mangrove, Oligochaeta, spatial 

Abbreviations: GIS: Geographical Information System, GPS: Global Positioning System, SAGA: System for Automated Geoscientific 
Analyses  

INTRODUCTION 

Coastal ecosystems, with their wetland areas, are vital 

to shorebirds (Rija et al. 2015; Amarasekara et al. 2021) 

and also benthic infaunal communities (Rabalais and 
Baustia 2020). The Ramsar Convention on Wetlands 

defines wetlands as areas of marsh, fen, peatland, or water, 

whether natural or man-made, permanent or temporary, 

containing water (Gaget et al. 2020). Wetlands are among 

the world's most productive ecosystems, as well as in 

Indonesia. Furthermore, for thousands of years, those 

wetlands have provided food, drinking water, building 

materials, and many other services to human populations. 

Wetlands also play an important role in preserving global 

biodiversity, partly through their high production, which 

supports food chains, and partly by providing habitat for 
especially suited plant and animal species, including 

benthic infauna and shorebirds.  

Wetlands in Indonesia are characterized by vast 

mangrove cover. Indonesia has 3 million ha or 23% of the 

world’s mangrove area (Murdiyarso et al. 2015). Those 

wetlands and mangroves in Indonesia are important 

habitats for shorebird communities. For example, in the 

wetlands of Panjang Island Coast, Jepara, Central Java, 

there were 27 shorebird species from 15 families, with the 

biodiversity index of the shorebird species ranging from 

1.15 to 2.20 (Utami et al. 2017). At Maron Beach, Prasetyo 

and Wulandari (2021) reported that there were 42 bird 

species from 20 families, with a Shannon-Wiener 

biodiversity index (H’) of 2.915. Meanwhile, in the 
wetlands of Tegal Coast, Central Java, there were 37 bird 

species from 18 families, with H’ values that ranged from 

2.22 to 2.37 (Isworo and Oetari 2020). 

Benthic infauna includes molluscs, polychaetes, 

oligochaetes, and crustaceans (Rabalais and Baustia 2020). 

Wetlands in Indonesia, particularly those on Java Island 

Coast, were also important habitats for benthic infauna 

(Andriyono et al. 2016). Then, Sahidin et al. (2014) 

reported a total of 5458 individuals of benthic infauna with 

a density ranging from 177 inds/m2 to 634 inds/m2 in 

Tangerang Coast, Banten. In the mangrove ecosystems on 
the Pacitan Coast, East Java, benthic infaunal diversity 

represented by molluscs has H 'values of 2.14, with 17 

gastropod species belonging to 13 families (Wiraatmaja et 

al. 2022). For polychaetes and crustaceans, Katili and Utina 

(2019) reported that mangrove Rhizophora sp. contained 

more polychaetes and crustaceans than other mangrove 

species. In the Musi River wetland, the range of Polychaeta 

density was 1.054-2.831 inds/m2 (Sari et al. 2022).  

The presence of benthic infauna is very important as a 

food resource for shorebird communities. The distribution 

of shorebird communities in the wetlands is influenced by 
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the distribution and availability of benthic infauna, 

including crustaceans, polychaetes, and oligochaetes 

(Pérez-Vargas et al. 2016). In the same way that the other 

coasts on Java Island have a wetland, Jakarta also has a 

wetland. Despite the abundance of studies on the 

distribution and abundance of shorebird and benthic 

infaunal communities along the Jakarta Coast, interactions, 

the spatial distributions of shorebirds, and the spatial 

availability of their prey, that is, the benthic infaunal 

communities were rarely investigated. This study is 
becoming more important recently since there has been a 

massive change in wetlands on the Jakarta Coast that has 

led to the reduction of wetland ecosystems (Sasongko et al. 

2014; Sofian et al. 2019), followed by the decline of the 

benthic infaunal communities and shorebird communities. 

Here, this study aims to assess the benthic infaunal spatial 

biodiversity and its availability for the shorebird 

community in the wetlands of the Jakarta Coast, Indonesia. 

MATERIALS AND METHODS  

Study area  

The study areas included 3 sampling locations selected 
based on the presence of mangroves in the wetlands of 

Jakarta Coast, Indonesia (Table 1), including an ecotourism 

park with latitude coordinates of 6.0990-6.1160 South and a 

longitude of 106.7280-106.7360, and the east and west parts 

of the Angke Kapuk protected forest with latitude 

coordinates of 6.0990-6.1160 South and a longitude of 

106.7360-106.7690 (Figure 1). Fish ponds in the west 

bordered the ecotourism park. In contrast, the western parts 

of the Angke Kapuk protected Jakarta Bay, bordered by 

forest in the north and fish ponds in the west. The eastern 

parts of the Angke Kapuk protected forest are bordered by 

Jakarta Bay in the north and the Angke River in the east. 

Settlements in the south bordered all of the study areas. 

Regarding the study area's hydrological conditions, all of 

the study areas were wetlands that were permanently 

influenced by the tide and inundated by water. 

Procedures 

Shorebird survey 

The shorebird survey in the wetlands of Jakarta Coast, 
Indonesia, was conducted for two months, from July to 

August 2021 with 3 replications for each location. The 

survey techniques included audiovisual encounter surveys 

and multiple surveys through random visits involving 2 

observers (Buda and Budka 2019). The survey was 

conducted during various periods of the day using direct 

observations supported by binoculars and unaided eyes. 

Based on the bird activities, the survey was conducted from 

05.30-7.00 am and continued at 04.00-06.15 pm with at 

least 2-3 sampling hours. The shorebird species richness of 

three distinct study areas, including an ecotourism park, 
west and east parts of Angke Kapuk protected forest, was 

recorded. The identification of birds was done using a bird 

identification book and field guide (MacKinnon and 

Phillipps 1993). The presence of birds is then tabulated into 

a Geographical Information System (GIS) to be mapped 

into mangrove and land cover thematic layers. The 

abundance of shorebirds was calculated as the number of 

individuals seen within a 100 m x 100 m plot and denoted 

as inds/Ha (Obunga et al. 2022). 

 

 

 

 
 
Figure 1. A map of the study area shows three study areas located in an ecotourism park and the west and east parts of the Angke 
protected forest in the wetlands of Jakarta Coast, Indonesia 
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Table 1. Locations and descriptions of the study area in the Jakarta Coast, Indonesia 
 

Study area South latitude East longitude  

Ecotourism park, bordered by fish ponds in the west 6.090 S - 6.1160 S 106.7280 E - 106.7360 E 
West parts of Angke Kapuk protected forest, bordered by Jakarta Bay in the north 
and fish ponds in the west 

6.090 S - 6.1160 S 106.7360 E - 106.7480 E 

East parts of Angke Kapuk protected forest, bordered by Jakarta Bay in the north 
and Angke River in the east 

6.090 S - 6.1160 S 106.7480 E - 106.7690 E 

 
 
 

Benthic infaunal survey 

The benthic infaunal survey was conducted using the 

purposive random sampling method following Basyuni et 

al. (2018) by making observation plots with the size of 

each plot being 10 x 10 m or equal to 100 m2. Each 
individual benthic infauna was collected from the substrate 

at a depth of 10 cm considering the maximum length of 

shorebird bill (Pérez-Vargas et al. 2016) using a 0.1 m2 

Van Veen Grab and sieved using a mesh sieve sized 0.5 

mm to separate the benthic infauna from the sediment 

(Sahidin and Wardiatno 2016). The collected benthic 

infauna was then identified and its coordinates were 

recorded using a Garmin Etrex Global Positioning System 

(GPS) handheld device at the observation plot. The benthic 

infauna was identified using a benthic infauna 

identification book and field guide (Sahidin 2020). The 
presence of benthic infauna was then tabulated into a 

Geographical Information System (GIS) to be mapped into 

mangrove and land cover thematic layers. 

Shorebird and benthic infaunal biodiversity index Shannon 

Wiener (H’) 

The biodiversity of shorebird and benthic infaunal 

communities was assessed using the biodiversity index 

Shannon-Wiener (H’) with the following equation: H’ = 

Σ[Pi ln (Pi)], where Pi is the proportion of the individuals i 

shorebird and the benthic infauna in total individuals. The 

H’ range is from 0 (low diversity) to > 1 (high diversity). 

Mangrove survey 
The mangrove survey was conducted using the 

purposive random sampling method following Hutabarat 

(2009) and Sofian et al. (2012) by making observation plots 

with the size of each plot being 10 x 10 m. Each individual 

mangrove tree was identified and its coordinates were 

recorded using a Global Positioning System (GPS) 

handheld device at the observation plot. Mangrove species 

identification was conducted using a mangrove identification 

book and field guide (Chapman 2016; Hirsch 2016; 

Tomlinson 2016). The recorded mangrove species are then 

tabulated for further mangrove and land cover mapping. 

Mangrove, land cover, shorebird, and benthic infaunal 

spatial analysis 

Mangrove, land cover, shorebird, and benthic infaunal 

spatial analysis in the wetlands of Jakarta Coast was 

performed using remote sensing and GIS analyses using 

SAGA (System for Automated Geoscientific Analyses) 

GIS version 2.1.2 (Alevizos 2016) following Orimoloye et 

al. (2019), Philiani et al. (2016), and Sukojo and Arindi 

(2019). Landsat 8 satellite imagery of Jakarta Coast was 

retrieved and classified using supervised classification to 

determine the land cover types. The categories for land 

cover classifications were mangroves, water bodies, fish 

ponds, and settlements. The result of mangrove and land 
cover mapping is a thematic layer. The coordinates of 

shorebird and benthic infauna are then overlaid with the 

mangrove and land cover mapping for further analysis and 

interpretation. 

Data analysis 

K-means clustering 

The availability and coexistence of benthic infaunal for 

shorebird communities were assessed and measured 

statistically using K-means clustering (D'Andrea et al. 

2019). Suppose the benthic infaunal and shorebird 

communities were clustered together in one cluster. In that 
case, it indicates that the benthic infaunal and shorebird 

communities were overlapping, and the shorebird could 

utilize the benthic infauna as their food resources. Cluster 

methods follow current methods to determine the 

concentrations and hotspots of the benthic infaunal and 

shorebird communities in 3 studied areas (Zhao et al. 

2019). The input data were the abundances of benthic 

infauna and shorebirds in each study area and were 

presented as points in the GIS interface. Cluster analysis 

was conducted using an extension of GIS and the cluster 

calculation was based on the K-means method. This 

method uses an algorithm that assigns each point to the 
cluster whose center, or known centroid is nearest. The 

center is the average of all the points in the cluster, and the 

coordinates of the points are the arithmetic mean for each 

dimension separately over all the points in the cluster. The 

determination of the centroid, or cluster point, was as follows:  

 

z1=(x1+y1)/2, z2= (x2+y2)/2, z3=(x3+y3)/2 

 

Where: z = centroid, x = coordinate in axis x, y = 

coordinate in axis y 

x2 analysis 
The goodness of fit (x2) statistical test was performed to 

assess the different significance of benthic infauna among 

study areas. The significance level was p < 0.05. 

 

Correlation analysis using Akaike Information Criterion 

(AIC) 

Correlation analysis based on Akaike Information 

Criterion (AIC) was used to assess the correlation and 

dependence of shorebird species with benthic infaunal 
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communities. The AIC was developed using linear 

regression with straight-line fit equations of yi = b0 + b1xi + 

εi. The εi represents the residuals from the straight line fit. 

If the εi is considered to be i.i.d. (independent and 

identically distributed) Gaussian with zero mean, the model 

contains three parameters: b0, b1, and the Gaussian 

distributions' variance. As a result, we should use k = 3 

when calculating the AIC value of this model. In general, 

the variance of the residuals' distributions should be 

counted as one of the parameters in any least squares model 
using i.i.d. Gaussian residuals. The measured parameters 

included in AIC, AICc, ΔAIC, AIC weight, AIC cum., and 

Loglikehood values. To build the model, shorebird density 

variables correlating with benthic infaunal density variables 

were included in the analysis to develop the model and 

assess the dependence of both variables. The best model 

was selected based on the model that has the lowest AIC 

values. 

RESULTS AND DISCUSSION 

Mangrove and land covers 

Land covers along with their mangrove covers on the 
study area in the wetlands of Jakarta Coast can be seen in 

Figure 2. The land cover consists of mangrove cover and is 

followed by combinations of water bodies and fish ponds. 

Mangrove cover was very dense in the west and east parts 

of the Angke Kapuk protected forest and less in the 

ecotourism park. In contrast, water bodies and fish pond 

combinations were more common in the ecotourism parks 

and fewer in the protected forest. The presence of water 

bodies in the eastern parts of the protected forest was due 

to the presence of the Angke River, located on the east side 

of the protected forest. A common settlement was found on 
the protected forest's southern border and the ecotourism 

parks' east side. The mangroves in the study area were 

dominated by Rhizophora sp. The density of mangrove 

Rhizophora sp. ranged from 3807.2 trees/ha to 1399.5 

trees/ha. 

Benthic infauna and shorebird communities 

associations with the wetlands  

The benthic infauna in the wetlands consisted of 

individuals belonging to polychaetes, oligochaetes, 

gastropods, and crustaceans. The benthic infaunal species 

include Melanoides sp., Pomacea sp., Littorina sp. for 

gastropods, Tubifex sp. for oligochaetes, and Nereis sp. for 
polychaetes. The ranges of H’ for benthic infauna were 

1.306-1.573. The density of benthic infauna was 

significantly different (p < 0.05) in each study area (x2 = 

464.848, p < 0.001), indicating influences and effects of 

study area locations and land covers. Among benthic 

infauna, oligochaetes have the highest density (376.66 

inds/100 m2), followed by polychaetes, and crustaceans 

have the lowest density (3.333 inds/100 m2). According to 

the study area, the protected forests have the highest 

benthic infaunal density with a range of 108.442 inds/100 

m2 to 263.441 inds/100 m2 and the lowest benthic infauna 
density was found in an ecotourism park with a value of 

81.77 inds/100 m2. Despite the lowest benthic infaunal 

density in the ecotourism park, this study area has more 

benthic infauna species compared to other study areas due 

to the presence of crustaceans (Figure 3). The high density 

of benthic infauna in the west and east parts of the Angke 

Kapuk protected forest was due to the dominance of 

oligochaetes, followed by polychaetes. In this study area, 

oligochaetes were present more than 50% of the time, as 

observed in the wetlands of the Angke Kapuk protected 

forest (Figure 4, Table 2).  
This finding is comparable with other studies. The land 

covered by the protected forest in the wetlands in this study 

is dominated by the mangrove forests that produce 

mangrove litter. In the mangrove ecosystems, mangrove 

litter is the potential food source for benthic infauna. The 

benthic infaunal communities were associated with the 

decomposition of leaves in a mangrove forest. Based on the 

previous study, benthic infauna was present from the fifth 

day of Rhizophora’s leaf decomposition times (De Oliveira 

et al. 2011). Besides the availability of the mangrove litter 

as a potential food resource for benthic infauna, the 
protected forest is located adjacent to the sea. According to 

Metcalfe and Galsby (2007), the highest abundance was 

recorded in the soft, unconsolidated substrates of the 

seaward assemblage, with diversity and abundance 

decreasing progressively in the landward assemblages. The 

decline of benthic infaunal species, in particular 

oligochaetes and polychaetes, toward land was also 

observed in this study. The oligochaetes, followed by the 

polychaetes, were declining in the ecotourism park, which 

is landward and has fewer mangroves covered. 

In contrast to benthic infauna that belongs to 
oligochaetes and polychaetes, in this study, benthic 

infaunal groups that belong to gastropods had a wider 

spatial distribution and tended to be contrasted with another 

benthic infauna that belongs to oligochaetes and 

polychaetes. In general, gastropods were more available in 

the ecotourism park and the eastern parts of the protected 

forest. On the contrary, the distributions of gastropods were 

limited in the areas characterized by a dense mangrove 

forest. In fact, gastropods preferred a wetland with the 

dominance of a water body combined with a water pond. 

The distribution of benthic infauna in brackish water areas 

is restricted by factors such as elevation, salt content, 
substratum, food, and respiration systems (Liu et al. 2014). 

Gastropod is a benthic infauna with a respiration system 

that depends on the gills (Koopman et al. 2016). It means 

that the gastropod requires an environment with stagnant 

water, also known as a tidal flat, to allow the exchange of 

oxygen from water between gills and water. Then the water 

bodies and fish ponds in the ecotourism park and eastern 

parts of the protected forest were suitable for gastropods 

since those areas resemble tidal flats due to inundations. 

Shorebirds in the wetlands consisted of individuals 

belonging to Anatidae, Scolopacidae, Ciconiidae, 
Phalacrocoracidae, and Anhingidae (Figure 3) and density 

(Table 3). The shorebird species include Sunda teal (Anas 

gibberifrons S. Muller, 1842) for Anatidae, Common 

sandpiper (Actitis hypoleucos Linnaeus, 1758), Wood 

sandpiper (Tringa glareola Linnaeus, 1758) for 
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Scolopacidae, the Milky stork (Mycteria cinerea Raffles, 

1822) for Ciconiidae, Little black Cormorant 

(Phalacrocorax sulcirostris Brandt, 1837) for 

Phalacrocoracidae, and the Oriental darter (Anhinga 

melanogaster Pennant, 1769) for Anhingidae. The ranges 

of H’ for benthic infauna were 1.000-2.322. West parts of 

the protected forest have more shorebirds compared to east 

parts and ecotourism park. Anatidae, Scolopacidae, and 

Phalacrocoracidae are widely distributed in the protected 

forests and are limited to ecotourism parks. In contrast, 
Ciconiidae and Anhingidae were widely distributed in 

ecotourism parks and limited in protected forests (Figure 5, 

Table 3). The distributions of shorebirds were related to the 

habitat availability for nesting and food resources in the 

wetland ecosystems in the particular protected forests. 

Diverse mangrove species and muddy substrates 

characterize those wetlands. Dense mangrove covers, as 

seen in the protected forest, provide suitable habitats for 

coastal bird species by providing nesting sites for 

shorebirds who inhabit this forest. This finding is in 

agreement with previous studies. The Anatidae (Safe’i et 
al. 2021), Phalacrocoracidae (Da Silva et al. 2018), 

Scolopacidae (Desmawati et al. 2017; Sholihah 2017), and 

Anhingidae (Narayanan et al. 2012) known to have 

preferences for occupying the mangrove covers used as a 

nest and perch located on the mangrove forest's edge. 

Benthic infauna and shorebird community coexistence 

Figure 6 shows the coexistences and availabilities of 

benthic infauna to shorebird community based on K-means 

clustering and AIC values (Table 4) to show the 

correlation. Based on clustering analysis, there are 3 

clusters. The first cluster consists of Ciconiidae and 

Anhingidae clustered together with gastropods with AIC 
values of 10.49-13.63. The second cluster consists of 

Anatidae, Scolopacidae, and Phalacrocoracidae clustered 

together with oligochaetes and polychaetes with AIC 

values of -4.36-10.49 indicating significant dependencies 

and correlations between the shorebird and benthic infauna. 

Finally, the third cluster only consists of crustaceans. From 

this cluster, gastropod was available to Ciconiidae and 

Anhingidae. Meanwhile, oligochaetes and polychaetes 

were available to Anatidae, Scolopacidae, and 

Phalacrocoracidae. In contrast, crustacea were not available 

to any shorebird communities. 

 
 

 

 
 
Figure 2. A map of the study area shows mangrove and land covers in the wetlands of the Jakarta Coast, Indonesia 

 

 

 
Table 2. Average number and density (inds/100 m2) of benthic infaunal species presences in each location (Jakarta Coast, Indonesia) 
 

Benthic infaunal presences Epk Wpf Epf Total Average (95%CI)  

Polychaeta 150 400 150 700 233.33 (70.3, 396) 

Oligochaeta 30 900 200 1130 376.66 (-145, 899) 
Gastropod 200 180  200 580 193.33 (180, 206) 
Crustacea 10 0 0 10 3.33 (-3.2, 9.86) 

Note: Epk (Ecotourism park), Wpf (West parts of Angke Kapuk protected forest), and Epf (East parts of Angke Kapuk protected forest) 
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Table 3. Average number and density (inds/Ha) of shorebird species presences in each location and compared to other studies 
 

Family Species Epk Wpf Epf Total Average (95%CI) Other studies 

Anatidae Anas gibberifrons 1.72 4.68 3.12 9.52 3.17 (1.49, 4.85) 2.81 (Sugiarti et al. 2019) 
Scolopacidae Actitis hypoleucos 16.11 43.84 29.23 89.18 29.73 (14.0, 45.4) 0.22 (Martins et al. 2019) 

Tringa glareola 1.34 2.93 1.62 5.89 1.96 (1.00, 2.92) 1.65 (Fajrin et al. 2019) 
Ciconiidae Mycteria cinerea 1.78 2.17 1.43 5.38 1.79 (1.37, 2.21) 1.0 (Ronny et al. 2017) 
Anhingidae Anhinga melanogaster 2.37 3.56 1.30 7.23 2.41 (1.14, 3.68) 3.46 (Narayanan et al. 2012) 
Phalacrocoracidae Phalacrocorax sulcirostris 2.58 7.02 4.68 14.28 4.76 (2.25, 7.27)  

Note: Epk (Ecotourism park), Wpf (West parts of Angke Kapuk protected forest), and Epf (East parts of Angke Kapuk protected forest) 

 

 
 
Table 4. Correlation and dependence models of shorebird species with benthic infaunal communities based on Akaike Information 
Criterion (AIC) values 
 

Variables Family AICc ΔAIC 
AIC 

weight 

AIC 

cum. 

Log 

likehood 

Anas gibberifrons ⁓ benthic infaunal species Anatidae 10.49b 14.85 0 1 -14.24 
Actitis hypoleucos ⁓ benthic infaunal species Scolopacidae 10.49b 14.85 0 1 -14.25 
Tringa glareola ⁓ benthic infaunal species Scolopacidae -4.36a,b 0.00 1 1 -6.82 
Mycteria cinerea ⁓ benthic infaunal species Ciconiidae 13.63 17.99 0 1 -15.81 
Anhinga melanogaster ⁓ benthic infaunal species Anhingidae 10.49b 14.85 0 1 -14.24 
Phalacrocorax sulcirostris ⁓ benthic infaunal species Phalacrocoracidae 10.49b 14.85 0 1 -14.24 

Note: abest model, bsignificant correlation 

 

 

 

 
 

Figure 3. A map of the study area showing benthic infaunal and shorebird compositions in mangrove and land covers in the wetlands of 
Jakarta Coast, Indonesia 
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Figure 4. A map of the study area showing the density (inds/100 m2) of benthic infaunal species presences in mangrove and land covers 
in the wetlands of Jakarta Coast, Indonesia 
 
 
 

Discussion 
This study identified significant relationships between 

shorebird and benthic infaunal communities, as reported 

before (Mouronval et al. 2007). The relationship was based 

on and influenced by the benthic infaunal availability, 

considering the benthic infauna is a food source for 

shorebirds. This prey availability explains the varied spatial 

distributions of shorebirds in the wetlands of the Jakarta 

Coast. The presence of shorebirds indicated the benthic 

infaunal availability since the presence of shorebirds 

followed the presence of benthic infaunal species. The 

shorebird species of Anatidae, Scolopacidae and 
Phalacrocoracidae were widely distributed in the west and 

east parts of the wetlands on the Jakarta Coast due to the 

availability of benthic infauna. In those parts of the 

wetlands, the west contains oligochaetes and polychaetes, 

and the east contains gastropods. In contrast, those 

shorebirds were not distributed to the ecotourism park 

despite the availability of gastropods. Shorebird 

distributions following the distributions of oligochaetes and 

polychaetes were in agreement with previous studies. In the 

wetlands of Aconcagua Estuary, visual foraging and tactile 

shorebirds, including American oystercatcher (Haematopus 
palliatus Temminck, 1820), Hudsonian godwit (Limosa 

haemastica Linnaeus, 1758), Lesser yellowlegs (Tringa 

flavipes Gmelin, 1789), Greater yellowlegs (Tringa 

melanoleuca Gmelin, 1789), Whimbrel (Numenius 

phaeopus Linnaeus, 1758), and Black-necked stilt 
(Himantopus mexicanus Statius Muller, 1776) foraged in 

wetlands with a high abundance of nereid polychaetes and 

oligochaetes, such that all of that benthic infauna were 

registered as being in the diet of those shorebirds (Pérez-

Vargas et al. 2016). 

 The strong association between benthic infauna as prey 

and feeding shorebirds as predators is predictable. 

Shorebirds exhibit great dietary flexibility and combine 

specific prey selection and the opportunity to select the 

most abundant prey locally available. In this study, 

oligochaetes followed by polychaetes were very abundant 
compared to other benthic infaunal communities. Despite 

the abundance of gastropods in ecotourism parks and the 

east parts of protected forests, Anatidae, Scolopacidae, and 

Phalacrocoracidae abundances were low in those study 

areas. Low abundances of certain shorebird communities in 

some locations are related to the distance to the roost as a 

determinant factor (Bakker et al. 2021). Foraging patterns 

of shorebirds can be varied amongst wetlands in terms of 

the distance traveled between roosting and foraging sites. 

This explains the low abundance of Anatidae, 

Scolopacidae, and Phalacrocoracidae in the ecotourism 
park area since the distance between this area and the 

protected forest was more than 1 km. 
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Figure 5. A map of the study area showing the density (inds/Ha) of shorebird species presences in mangrove and land covers in the 
wetlands of Jakarta Coast, Indonesia 
 
 

The presence and abundances of shorebird communities 

belonging to the families Ciconiidae and Anhingidae in the 

ecotourism park were more closely related to their 

morphology (Alonso et al. 2011) which suited the 

conditions of the ecotourism park. Because of this 

adaptation, these shorebirds can forage in flooded 

ecosystems. In this study, an ecotourism park is 
characterized by the dominance of water bodies and fish 

ponds (Mulyani et al. 2021). Then, morphological 

characteristics of Ciconiidae and Anhingidae were adapted 

to the environmental conditions of ecotourism park area, 

and this may explain the presence of these shorebirds in 

this particular study area, besides the abundance of 

gastropods. 

It can be concluded that based on the spatial analysis, 

K-Means cluster, and AIC analyses, the coexistence of 

shorebird communities in the wetlands of the Jakarta Coast 

depends on the availability of benthic infauna as prey, and 

the prey availability is associated with the quality of 

wetlands. Therefore, wetlands dominated by dense 

mangroves will lead to an abundance of benthic infauna 

and influence the presence and distribution of shorebirds. 

At present, oligochaetes followed by polychaetes are 
considered the most important food resources for 

shorebirds considering that this benthic infauna is available 

in large amounts compared to gastropods and crustaceans. 

Based on the benthic abundances and aiming to conserve 

shorebirds, it is recommended to conserve the mangrove 

forest, considering this forest is an important resource for 

benthic infaunal communities in the wetlands of the Jakarta 

Coast, Indonesia. 
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Figure 6. Availability and coexistence of benthic infaunal 
(Crustacea, Gastropod, Oligochaeta, Polychaeta) with shorebird 

(Anatidae, Scolopacidae, Ciconiidae, Phalacrocoracidae, 
Anhingidae) communities in the wetlands of Jakarta Coast based 
on K-means clustering analysis 
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